With the increasing trend of charging for externalities and the aim of encouraging the sustainable development of the air transport industry, there is a need to evaluate the social costs of these undesirable side effects, mainly aircraft noise and engine emissions, for different airports. The aircraft noise and engine emissions social costs are calculated in monetary terms for five different sized airports, ranging from hub airports to small regional airports. The number of residences within different levels of airport noise contours and the aircraft noise classifications are the main determinants for accessing aircraft noise social costs. The environmental impacts of aircraft engine emissions include both aircraft landing and take-off and 30-minute cruise. The social costs of aircraft emissions vary by engine type and aircraft category, depending on the damage caused by different engine pollutants on the human health, vegetation, materials, aquatic ecosystem and climate. The results indicate that the relationship appears to be curvilinear between environmental costs and the traffic volume of an airport. The results and methodology of environmental cost calculation could be applied to the proposed European wide harmonised noise charges as well as the social cost benefit analysis of airports.
Introduction
Over the years, increasing attention has been paid to the sustainable development of the aviation sector. More and more, environmental and social concerns are posing severe limitations to the growth of the air transport industry. Although the global economic downturn and political turmoil has caused a decline in the number of flights and passengers over the past 2 years, these concerns remain valid as traffic gets back to its pre-9/11 trend.
It is now widely recognised that the costs of these externalities must be internalised and paid for by the aviation industry and its users (EC 1999 (EC , 2002 . Two of the most important externalities generated from commercial flights are noise nuisance and aircraft engine emissions. Of these two, noise nuisance has the largest impact on the community surrounding airports, while engine emissions have both local and global impacts.
Noise causes both nuisance and health effects, for instance sleep deprivation. More and more airports in the world, often forced by governments, have applied different types of noise management measures that range from noise abatement procedures to limits on the total noise allowed. Among these measures are night flight restrictions and curfews, night quotas, and noise charges and penalties. In 1999, only 10 out of the 25 enlarged European Union countries, Norway and Switzerland had some forms of noise charges (Lu 2000); by 2003 all 27 countries had noise related charges (Boeing 2003) .
Aircraft engine emissions have extensive impact on human health, vegetation, materials, ecosystem and the climate. Aircraft exhaust pollutants are emitted during landing and take-off (LTO), ground stages and during the cruise mode of flights. Damage is incurred from these pollutants at all flight stages and aircraft are unusual in their injection of pollutants into the upper troposphere and lower stratosphere, resulting in a higher level of global warming than is the case for similar ground level emissions. Compared to the introduction of noise management measures, there are fewer airports applying engine emissions mitigation measures. In 1999, engine emissions charges are in place only at some Swiss and Swedish airports (Morrell & Lu 2000) . In 2003, no other airports had introduced these charges (Boeing 2003). These charges are targeted only at local emissions; the International Civil Aviation Organisation (ICAO) is working on measures targeting the emissions during cruise mode (ICAO 1996 (ICAO , 1998 .
Given this context, this paper provides a framework in which to assess the environmental cost of airport operations. The environmental cost consists of noise social costs and aircraft emissions costs. The noise social cost depends heavily on the density of the population surrounding the airport, whilst, engine emissions vary according to the number of flights and the aircraft types used at an airport. The calculation of environmental costs can be used in various types of analyses. The methodology can serve as a common basis for the determination of unit noise charges in the noise charge calculation formula proposed by the European Commission (EC 2002) . Furthermore, the results can be used to assess the environmental impact of airport expansion plans and traffic forecasts. The environmental costs can also be compared with the social and economic benefits of an airport in order to assess the relationship between the airport and the surrounding region. This allows the assessment of whether growth at the airport would result in more environmental cost than it would yield economic benefit. This paper presents a methodology for calculating the noise and emission social costs. The empirical analysis is carried out for three British airports
